ABSTRACT
begin by l a y i n g the groundwork f o r SPC b o t h i n t e r m s o f d e s i g n and m a n u f a c t u r i n g , s e t t h e s t a g e f o r s t a r t u p , and d i s c u s s what c r i t i c a l e l e m e n t s must be p r e s e n t f o r success. SPC's e s s e n t i a l r o l e i n design and i t s r e l a t i o n s h i p w i t h manufacturing w i l l be t h o r o u g h l y d e t a i l e d . T r a d i t i o n a l problem areas o f SPC w i l l be c o v e red i n c l u d i n g what process o r product parameters need t o be c o n t r o l led
, what c h a r t i n g techniques should be used, and how requirements should be l e v i e d on s u p p l i e r s .
The p a p e r w i l l a l s o a t t e m p t t o d i s p e l some o f t h e common myths o f SPC such as t h e need f o r l o n g production runs. A f t e r e s t a b l i s h i n g t h e i d e a l i m p l e m e n t a t i o n e n v i r o n m e n t , a f e w c a s e s t u d i e s w i l l b e p r e s e n t e d on t h e Tuccesses and f a i l u r e s o f s e v e r a l companies e f f o r t s t o s t a r t an SPC program. F i n a l l y , t h e r e a l and long-term b e n e f i t s o f SPC i n c l u d i n g increased comnunications among a1 1 departments, b e t t e r i n s i g h t i n t o c o s t r e d u c t i o n o p p o r t u n i t i e s , v a r i a b i l i t y reduction, c o n t i nuous q u a l i t y improvement, and more e f f e c t i v e design and manufacturing i n t e r f a c e w i 1 1 be addressed t o show why t h i s methodology has such g r e a t p o t e n t i a l t o succeed i n today's extremely c o m p e t i t i v e g l o b a l environment.
INTRODUCTION/BACKGROUND

I t w a s n ' t u n t i l t h e U n i t e d S t a t e s i n d u st r i a l base h i t h a r d t i m e s t h a t t h e q u a l i t y t h e o r i e s o f p a s t s t a r t e d t o resurface. Q u a l i t y and p r o d u c t i v i t y f e l l behind c o u n t r i e s who j u s t a s h o r t t i m e ago were f l o c k i n g t o t h e U.S. f o r a d v i c e .
Japan's success w i t h many o f t h e s e homegrown methods remains we1 1 pub1 i c i z e d .
(They a r e c a l 1 e d "homegrown" because i n t e r n at i o n a l companies l i k e AT&T, IBM, Kodak, and Xerox p i o n e e r e d t h e s e q u a l i t y i n i t i a t i v e s i n t h e 1950's and 60's). One 
o f t h e q u i c k f i x e s being promoted i n t h e e a r l y 1970's was qual i t y c i r c l e s (QC). Many i n d u s t r i e s rushed t o adopt t h i s management p h i 1 osophy w i t h o u t g i v i n g second thought t o i t s l o n g -t e r m i m p l i c a t i o n s . I m p l i c a t i o n s o f n o t merely i d e n t i f y i n g areas o f improvement b u t s e t t i n g up a feedback l o o p f o r c o r r e c t i o n , p r o v i d i n g an atmosphere o f manage
m e n t -w o r k e r c o o p e r a t i o n , and l o o k i n g t o t h e l i n e worker as a l e g i t i m a t e source f o r q u a l i t y improvement. As t h e r e s u l t s f a i 1 ed t o r e a c h e x p e c t a t i o n s , some t o s s e d t h e QC i d e a o f f a s o n l y b e i n g a b l e t o succeed i n t h e Japanese c u l t u r e . What was f o r g o t t e n was QC, o r f o r t h a t m a t t e r any o t h e r qual i ty techno1 ogy, must be a p a r t o f a l a r g e r company-wide e f f o r t t o i m p r o v e p r o d u c t q u a l i t y . O f course, as many i n d u s t r i e s can a t t e s t , t h e r e were and a r e no q u i c k f i x e s f o r t h e U.S. c o m p e t i t i v e n e s s p r o b l e m s and what r e s u l t e d was a f r u s t r a t i n g and p a i n s t a k i n g l y slow l e a r n i n g process. M a n u f a c t u r i n g o r g a n i z a t i o n s l o o k i n g t o SPC as t h e s o l e s a v i o r o f t h e i r q u a l i t y problems w i t h o u t o v e r h a u l i n g o t h e r areas o f t h e company a r e doomed t o f a i l , j u s t as t h e qual i t y c i r c l es o f the 70's f a i l e d . B u t SPC used i n c o n j u n c t i o n w i t h a l a r g e r q u a l i t y i m p r o v e m e n t p r o g r a m c a n pay huge dividends.
The purpose o f t h i s paper i s a discussion on e s t a b l i s h i n g t h e atmosphere f o r success i n i m p l e m e n t i n g a s t a t i s t i c a l p r o c e s s c o n t r o l (SPC) program. As I h a v e e l u d e d t o i n t h e QC example above, o t h e r areas o f q u a l i t y i n f l u e n c e must be present f o r SPC t o be f u l l y e f f e c t i v e .
Throughout most o f t h e paper I w i l l assume t h e p r o b l e m s a s s o c i a t e d w i t h t h e a c t u a l number crunching and charting, l i k e what s i z e sample t o use?, how o f t e n s h o u l d samples be t a k e n ? , what type o f c h a r t should be used?, etc. do n o t e x i s t . I am n o t b e i n g n a i v e , b u t t h o s e p r o blems become almost t r i v i a l i f t h e framework f o r SPC i s p r o p e r l y s e t up. However, i n a l a t e r s e c t i o n I w i l l p r o v i d e a p e r s p e c t i v e on t h e aspects o f charting.
My p o i n t h e r e i s s i m p l e .
AN OUTLINE
I w i l l begin t h e paper w i t h a s l i g h t l y d i f f e re n t p e r s p e c t i v e o n SPC. Then I w i l 1 d i s c u s s t h e v i t a l 1 i n k between management's commitment and t h e p r o g r a m ' s success. N e x t a r e v i e w o f t h e n e e d e d t r a i n i n g b e f o r e b e g i n n i n g t h e e f f o r t .
F o l l o w i n g t r a i n i n g w i l l b e a d i s c u s s i o n on d e s i g n ' s r o l e i n d e v e l o p i n g a s t r a t e g y o f what t o c o n t r o l . The r e l a t i o n s h i p w i t h suppl i e r ' s and t h e prime w i l l be d e t a i 1 ed. A f t e r t h a t , m a n u f a c t u r i n g ' s s i d e o f t h e SPC equation w i l l be covered and il l u s t r a t e d w i t h an e x a m p l e .
I w i l l s p e n d some t i m e d i f f e r e n t i a t i n g between a t t r i b u t e and v a r i a b l e c h a r t i n g and h i g h l i g h t t h e s t r e n g t h s a n d weaknesses o f each. F i n a l l y , I w i l 1 attempt t o p u t t o r e s t a few o f t h e p e r s i s t e n t misconcept i o n s o f SPC and e n d w i t h a summary o f t h e powerful, l o n g term b e n e f i t s found i n successf u l SPC programs. A hammer i s u s e l e s s w i t h o u t n a i l s and wood, so t h e same i s w i t h SPC. And i t i s n o t t h e o n l y t o o l a v a i la b l e , b u t i t i s l i k e l y t h e c h e a p e s t and m o s t e f f e c t i v e because o f i t s use o f s i m p l e s t a t i st i c s , i t s a b i l i t y t o p r e v e n t d e f e c t s and reduce v a r i a b i l i t y around a t a r g e t value.
SPC's t r u e s e l l i n g p o i n t i s d e f e c t prevention.
IBM once estimated t h a t i f i t c o u l d e l i m i n a t e a l l forms o f i n s p e c t i o n , t h a t i s those procedures t h a t do n o t prevent a c t u a l p r o d u c t d e f e c t s , i t s work w o u l d f a l l b y 33%. ( M o r e on v a r i a b i l i t y r e d u c t i o n w i l 1 f o l l o w t o w a r d s t h e end o f t h e paper.) L i k e a n y t h i n g e l se, p l a n n i n g t h e SPC p r o g r a m i s c r i t i c a l , p e r h a p s more i m p o r t a n t than t h e a c t u a l number crunching and c h a r t i n g . To p l a n f o r an SPC program, r e a l i g n m e n t o f management's v i e w on q u a l i t y , i n t h e f o r m o f d e f e c t p r e v e n t i o n r a t h e r t h a n d e t e c t i o n and q u a l i t y ' s r o l e i n d a y -t o -d a y o p e r a t i o n s , i s e s s e n t i a l .
MANAGEMENT COWITMENT
That b r i n g s me t o my f i r s t p o i n t . S t a t i st i c a l Process C o n t r o l s t a r t s w i t h management's commitment t o i t s success. As o v e r u s e d and g e n e r a l i z e d as t h a t s t a t e m e n t s o u n d s , i t d o e s n ' t 1 essen i t s i m p o r t a n c e i n impl ementing SPC.
I f y o u d o n ' t h a v e management's word, f o r g e t t h e w h o l e e f f o r t and d o n ' t w a s t e y o u r t i m e . When F o r d M o t o r Company s t a r t e d t h e i r q u a l i t y program back i n t h e l a t e ~O ' S , t h e y demonstrated t h e i r commitment t o q u a l i t y by a v e r y c o n t r o v e r s i a l decision.
As t h e i r market share continued t o erode, p l a n t c l o s i n g became i n e v i t a b l e . P r o s p e c t i v e p l a n t s were t a r g e t e d and narrowed u n t i l o n l y a c o u p l e remained. One was a r e l a t i v e l y new p l a n t equipped w i t h a subs t a n t i a l amount o f s t a t e -o f -t h e -a r t c a p i t a l i n v e s t m e n t and t h e o t h e r was one o f t h e i r o l d e r f a c i l i t i e s .
B u t what s e p a r a t e d t h e two was t h e i r q u a l i t y r e c o r d . The newer p l a n t a p p a re n t l y h a d been p l a g u e
d w i t h s t a r t u p p r o b l ems and i t s p r o d u c t i o n q u a l i t y was n o t o r i o u s l y known t h r o u g h o u t t h e company. F o r d c h o s e t o
shutdown t h e newer p l a n t . Think o f t h e e f f e c t t h a t had on those who doubted Ford's commitment t o q u a l i t y .
TRAINING
T h i s i s where management's commitment w i l l b e f i r s t t e s t e d , because money t a l k s t h e 1 o u d e s t . And my f i r s t s u g g e s t i o n w i l 1 n o t be i n e x p e n s i v e . F o r 1 a r g e and sinal 1 companies a l i k e , I would recommend an o u t s i d e c o n s u l t a n t f o r a c o u p l e o f reasons. F i r s t , t h e c o n s u l t a n t w i 1 1 b r i n g a c o n s i s t e n t p h i 1 osophy t o t h e t r a i n i n g .
Secondly, an experienced consul t a n t w i l 1 be f a m i l i a r
w i t h t h e problems associated w i t h c h a n g i n g t h e f r o m d e t e c t i o n t o prevention. T h i s i s a p o i n t t h a t s h o u l d n ' t be o v e r l o o k e d . C h a n g i n g 30 y e a r s o f h a b i t i s n ' t easy. T h i r d l y , t h e c o n s u l t a n t w i l 1 b r i n g an o u t s i d e r ' s perspective. T h i s i s important,, f o r a company t h a t i s u s e d t o d o i n g t h e o l d
q u a l i t y approach" o f sampl i n g and i n s p e c t i n g t h e i r way t o q u a l i t y . I t i s a l s o i m p o r t a n t because i t w i l 1 b e h i s o n l y t a s k i n g . Someone chosen f r o m w i t h i n t h e company as a t r a i n i n g s o u r c e w i l 1 1 i k e l y s p l i t t i m e w i t h o t h e r r e s p o n s i b i l i t i e s . T h a t s i m p l y w i l l n o t work. Outside resources devoted t o SPC t r a i n i n g w i l l one o f t h e b e s t investments a company can make.
The n e x t s t e p i s t o d e t e r m i n e w h i c h p o rt i o n o f t h e o r g a n i z a t i o n t o t r a i n f i r s t s i n c e i t i s l i k e l y n o t a l l c a n b e s c h o o l e d a t t h e same time. I recommend s e l e c t i n g s e n i o r repres e n t a t i ves from b o t h design and manufacturing. I f t r a i n i n g b o t h i s n o t p o s s i b l e s t a r t w i t h d e s i g n . I w i l l e l a b o r a t e on d e s i g n ' s r o l e i n t h e f o l l o w i n g section.
What t o cover...
__--
The n e x t s t e p i s t o d e t e r m i n e what t o c o v e r . H a v i n g been exposed t o many d i f f e r e n t t r a i n i n g s o u r c e s o v e r t h e l a s t f e w y e a r s , I have d e v e l oped a somewhat comprehensive 1 i s t o f t o p i c s . I d e a l l y , t h e t r a i n i n g s h o u l d be d i v i ded i n t o t h r e e broad sections.
A Prelude.. .
R e m a i n i n g c o n s i s t e n t w i t h t h e theme t h a t what t o c o n t r o l i s a more p r e s s i n g problem than -t h e c h a r t i n g , so f o l l o w s my f i r s t s e c t i o n . S t a r t w i t h t h e techniques t h a t can h e l p zero i n on t h o s e segments o f t h e p r o c e s s t h a t a r e b i g
p l a y e r s i n c o n t r o l 1 i n g t h e c h a r a c t e r i s t i c s , i d e n t i f i e d b y d e s i g n , w h i c h c o r r e l a t e t o p r od u c t q u a l i t y . Simple, b u t powerful techniques 1 i k e P a r e t o A n a l y s i s and some f o r m s o f d e s i g n o f e x p e r i m e n t s p r o v i d e a g r e a t p r e l u d e t o t h e c h a r t i n g e x e r c i s e s (...'some f o r m s ' because methods l i k e Taguichi's a r e beyond t h e scope o f m o s t s t a t i s t i c i a n s ) . T h i s w i l 1 e s t a b l i s h a framework upon which t o b u i l d t h e e n t i r e p h i l osophy b e h i n d SPC. The d e p t h o f t h i s s e c t i o n w i l 1 v a r y w i t h t h e t y p e o f p e o p l e b e i n g t r a i n e d . D e s i g n and t h e m a n u f a c t u r i n g e n g ineers s h o u l d be t h o r o u g h l y versed i n t h i s area. P1 a n t f l o o r p e r s o n n e l r e s p o n s i b l e f o r t h e c h a r t i n g p r o b a b l y w i l l need o n l y a t e r t i a r y knowl edge. I n a d d i t i o n , e x e r c i s e s i n g r o u p p r o b l e m s o l v i n g w i l l p r o v i d e t h e necessary s k i l l s t o make t h e t r a n s i t i o n from classroom t o product i o n p r o c e e d more s m o o t h l y . These c a n be as easy as b r a i n s t o r m i n g and diagrams as l o n g as t h e p r o b l e m s d i s c u s s e d r e l a t e t o t h e company f a c i l i t i e s .
The Basics...
-T h i s s e c t i o n s h o u l d d e a l w i t h t h e b a s i c s t a t i s t i c a l a s s u m p t i o n s b e h i n d t h e v a r i o u s types o f charts. The s t a t i s t i c a l background i s e x t r e m e l y i m p o r t a n t t o m a k i n g t h e c o r r e c t i n t e r p r e t a t i o n s from t h e data gathered.
Witho u t proper i n t e r p r e t a t i o n , p r o c e s s r e f i n e m e n t w i l l be a s t a b i n t h e dark.
I t s h o u l d a l s o i n c l u d e procedures f o r s e l e c t i n g t h e a p p r o p r ia t e sample s i z e s , hands-on c a l c u l a t i o n s o f ranges, averages, c o n t r o l l i m i t s , etc. I have emphasized hands-on because t h e t r a i n i n g s h o u l d simulate, as c l o s e l y as p o s s i b l e , t h e product i o n environment.
Above a l l , s t r e s s t h e r o l e t h e c h a r t s p l a y i n process refinement and v a r ia b i l i t y r e d u c t i o n a r o u n d a n o p t i m a l t a r g e t v a l u e . The g o a l o f SPC e f f o r t s i s n o t necess a r i l y c o n t r o l l i n g t h e p r o c e s s as much as r e f i n i n g i t towards v a r i a b i l i t y reduction. Implementation.. .
F o r l a c k o f a b e t t e r term, I ' v e t i t l e d t h i s t r a i n i n g s e c t i o n i m p l e m e n t a t i o n . I t i s a1 1 t h e o t h e r i n f o r m a t i o n t h a t s h
m e n t a program.. M a i n l y t h i s s e c t i o n s e p a r a t e s t h e consul t a n t s from t h e s t a t i s t i c i a n s . Successful c o n s u l t a n t s know t h e problems o f imp1 ementation t h r o u g h a c o m b i n a t i o n o f t r i a l and e r r o r , experience and knowledge o f i n t e r n a l c o r p o r a t e procedures.
S p e c i f i c a l l y , t h e t r a i n i n g s h o u l d h a v e s e v e r a l e x e r c i s e s d e v i s e d t o s i m u l a t e a product i o n p a r t t o be c o n t r o l l e d by SPC.
Smal 1 groups c o u l d determine what c h a r a c t e r i s t i c s o f t h e p a r t t o b e t r a c k e d , where i n t h e p r o c e s s t h e c h a r t s be placed, a p p r o p r i a t e sampling, and t h e techniques f o r continuous improvement. How successful t h e t r a i n e r i s i n t h i s s e c t i o n w i l l p l a y a l a r g e r o l e i n t h e u l t i m a t e success o f t h e program.
DESIGN'S KEY ROLE
The r e l a t i o n s h i p w i t h t h e s u p p l i e r i s discussed i n t h e n e x t section.
HANDLING THE SUPPLIERS
--I s h o u l d f o r e w a r n y o u and say t h a t t h i s s e c t i o n o f an SPC p r o g r a m may b e t h e m o s t d i f f i c u l t o f any I w i l l address. M i s t a k e n l y , many companies w
i l l s t r i v e f o r s t r i n g e n t and u n y i e l d i n g data requirements and i n t h e process s h i f t t h e o b j e c t i v e o f t h e SPC data from v e r if y i n g i n c o m i n g m a t e r i a l t o m e e t i n g company p o l i c y on t h e data format. What s h o u l d govern a l l a c t i o n s w i t h t h e s u p p l i e r s i s t w o b a s i c data requirements; j u s t i f i c a t i o n f o r c h o o s i n g s p e c i f i c p r o c e s s e s and e v i d e n c e o f t h e i r c o n t r o l . I n t h e s h o r t term, c o n v i n c i n g t h e s u p p l ie r s o f t h e need f o r SPC w i t h i t s added d a t a
requirements w i l l 1 oom 1 arge. They w i l 1 v i e w i t as a n o t h e r d a t a r e q u i r e m e n t t a c k e d o n t o an a1 ready unsurmountabl e p i 1 e o f paperwork.
To q u i e t t h o s e f e a r s , two o b j e c t i v e s o f SPC m u s t be promoted: 1) t o improve processes by reduci n g v a r i a t i o n through increased knowl edge, and 2) w i t h t h a t reduced v a r i a t i o n e s t a b l i s h p r ocess p r e d i c t a b i l i t y . The two l o n g term g o a l s o f SPC s h o u l d be increased q u a l i t y and reduced inspection. Suppl i e r s successful a t c o n t r o l 1 -i n g and r e d u c i n g v a r i a t i o n w i l l earn a commens u r a t e status; v i r t u a l l y no r e c e i v i n g inspect i o n and s i g n i f i c a n t l y reduced p e r i o d i c o n -s i t e r e v i e w s . I n e f f e c t , b y i n c r e a s i n g q u a l i t y documenting it, t h e s u p p l i e r s g e t t h e prime o f f t h e i r back. The s u p p l i e r s s h o u l d be w i l l i n g t o aim f o r t h a t goal.
Companies u n d e r t a k i n g SPC s h o u l d p r o v i d e t h e i r s u p p l i e r s w i t h t h e needed t r a i n i n g b e f o r e such a s u p p l i e r p r o g r a m b e g i n s . T h i s accomp l i s h e s s e v e r a l g o a l s s i m u l t a n e o u s l y . To s t a r t , i t d e v e l o p s a1 1 s u p p l i e r s i n a p p r o x im a t e l y t h e same t i m e frame and p r o v i d e s a cons i s t e n t t r a i n i n g p h i 1 osophy. Secondly, i t s e t s t h e tone f o r what i s expected o f t h e i r programs and g i v e s an o p p o r t u n i t y t o e s t a b l i s h some general ground r u l e s on how t h e s u p p l i e r s w i l l be evaluated. And l a s t l y , i t s i m p l y c r e a t e s a communication forum from which t o a i r misunderstandings, d i f f e r e n c e s o f o p i n i o n and o v e r a l l concerns w i t h t h e SPC program.
From t h e v e r y beginning, companies s h o u l d i n s i s t on a s t r a t e g y on how t h e s u p p l i e r p r ogram w i l l be s t a r t e d .
I am n o t t a l k i n g i n t e r m s o f a sweeping document d e s c r i b i n g w i t h g r e a t d e t a i 1 t h e s u p p l i e r ' s p l a n n e d r o a d t o qual i t y improvement, b u t r a t h e r j u s t a p r i o r it i z e d l i s t o f p r o c e s s e s t o a t t a c k , why t h e y d e c i d e d on t h o s e p r o c e s s e s and a s i m p l e t i m e tab1 e f o r imp1 ementation.
A1 so, t h e r e shoul d be i d e n t i f i e d a f o c a l p o i n t w i t h whom t h e responsi b i 1 i ty o f SPC resides.
Above a1 1 , k e e p i t s i m p l e f o r t h e b e g i nn i n g . T h e r e w i l 1 b e enough p r o b l e m s w i t h t h e start-up.
Encourage and d e v e l o p t h e suppl i e r s and s l o w l y .
Work w i t h them t o s e t r e a s o nab1 e goal s f o r t h e e f f o r t . I n t h e end you w i l 1 b e n e f i t f r o m t h e i n c r e a s e d c o m m u n i c a t i o n and from a r e l a t i o n s h i p judged n o t o n l y w i t h r e g a r d t o s c h e d u l e and c o s t b u t a documented q u a l i t y record.
W U F A C T U R I N G L e t me s t a r t t h i s s e c t i o n by making a b o l d statement -Manufacturing i s t h e l a s t p l a c e t o s t a r t an SPC program! You w i l l n o t i c e manufact u r i n g r e s i d e s f a r down on my r e c i p e f o r SPC. I d o n ' t want t o o f f e n d t h e many m a n u f a c t u r i n g e n g i n e e r s o u t t h e r e ( I am one o f them), a s m a n u f a c t u r i n g ' s p a r t i n SPC s h o u l d n o t be s l i g h t e d , b u t d o n ' t e x p e c t d r a s t i c changes i n q u a l i t y i f t h e r e s p o n s i b i l i t y f o r SPC i s l a i d here. The reason i s v e r y simple. As s t a t e d i n t h e s e c t i o n on design, knowing what c h a r a c t e ri s t i c s t o c o n t r o l i s o f h i g h e r p r i o r i t y t h a n t h e a c t u a l c h a r t i n g done on t h e p l a n t f l o o r . That i s a p o i n t many c o n s u l t a n t s and SPC advoc a t e s seem t o i g n o r e . T h e r e a r e t w o s i d e s t o t h e equation: f i g u r i n g what t o c o n t r o l and then c o n t r o l l i n g it. D e s i g n i s b e t t e r s u i t e d t o d e t e r m i n e what a s p e c t s o f t h e p r o d u c t m u s t b e charted. Personnel on t h e p l a n t f l o o r s h o u l d b e c o n s u l t e d a s t o w h a t and where i n t h e p r ocess c h a r t s be placed.
To make i t c l e a r e r , I'll g i v e an example. Suppose we are i n t h e business o f b u i l d i n g c a r engines and f o r t h e moment w e ' l l concentrate on one p i e c e o f t h e engine, t h e pistons. Design's r o l e woul d
be t o e s t a b l i s h what c h a r a c t e r i s t i c s of t h a t p i s t o n a r e c r i t i c a l t o i t s performance.
A good b e t would be t h e r i n g s s i n c e t h e i r s i z e compared t o t h e cy1 i n d e r wal 1 d i r e c t l y a f f e c t s how we1 1 t h e e n g i n e r u n s . Then m a n u f a c t u r i n g m u s t d e v e l o p a s t r a t e g y t o c o n t r o l t h a t s i z e . They have t o ask themselves which processes, o f t h e many t h a t go i n t o m a k i n g t h a t r i n g , a r e r e s p o n s i b l e f o r i t s accurate, c o n s i s t e n t size.
Is i t t h e surface f i n i s h i n g ? , t h e i n i t i a l cut?, t h e p l a t i n g p r o c e s s ? , o r i s i t t h e m e t a l s u p p l i e d t h a t has a v a r i e d c o n t e n t ?
Manufacturing a l s o has t h e r o l e o f d e t e rm i n i n g what t o 1 erances a r e reasonabl e. A1 1 t o Often, t o 1 e r a n c e s a r e a r b i t r a r i l y e s t a b l i s h e d o r t a k e n f r o m p a s t p r a c t i c e s o r d e s i g n r u l e s . Remember c a p a b i l i t y o f a m a c h i n e o r a p r o c e s s i s g e n e r a l l y determined by comparing t h e design a1 1 owabl e spread t o t h e n a t u r a l v a r i a t i o n found i n t h e machine. U n r e a s o n a b l e t o 1 e r a n c e s c a n make a machine l o o k worse than i t a c t u a l l y i s . O f c o u r s e t h i s g o e s b o t h ways. F i n d i n g machines t h a t w i l 1 never h o l d design r e q u i r ements c a n be j u s t i f i c a t i o n f o r new c a p i t a l investment.
CHART1 NG
T h e r e a r e two t y p e s o f c h a r t s : a t t r i b u t e and v a r i a b l e .
A t t r i b u t e data c h a r t s can be d i v i d e d i n t o t w o s e c t i o n s , d e f e c t i v e s and defects.
See F i g u r e 1. Very simply, a t t r i b u t e data t r a c k s a t t r ibutes o f a product. T y p i c a l l y these c h a r t s a r e r e f e r r e d t o as p a s s / f a i l o r go/no-go c h a r t s . I f m e t a l f a b r i c a t i o n i s y o u r b u s i n e s s and t h e p a r t s , f o r example, o n l y r e q u i r e a c e r t a i n minimum t e n s i 1 e s t r e n g t h , t h e n t h o s e t h a t exceed t h a t minimum v a l u e are passed and those f a 1 1 i n g b e l ow t h e v a l u e f a i l . Some a p p l i c at i o n s o f t h e s e c h a r t s a r e n ' t n e a r l y a s s t r a i g h t f o r w a r d . Whi 1 e these c h a r t s are b i n a r y i n nature, d e c i d i n g which i s good and which i s bad can be v e r y subjective.
ATTRIBUTE DATA
An
I n o t h e r words, t h e i n h e r e n t c h a r a c t e r i s t i c s o f t h e process may be masked by t h e human v a r i a n c e s t h a t a r e a p a r t o f t h e d a t a g a t h e r i n g .
I n f e r e n c e s made on a t t r i b u t e c h a r t s a b o u t t h e p r o c e s s may h a v e n o t h i n g t o do w i t h t h e p r o c e s s i t s e l f b u t , rather, t h e inspector. Therefore, the basic r e a s o n f o r SPC, p r o c e s s i m p r o v e m e n t t h r o u g h i n c r e a s e d p r o c e s s know1 edge, c a n be e a s i l y defeated by s u b j e c t i v e data gathering.
There i s a n o t h e r a s p e c t o f a t t r i b u t e c h a r t i n g t h a t makes them l e s s t h a n o p t i m a l . G e n e r a l l y , a t t r i b u t e c h a r t s are p l a c e d near t h e end o r a t t h e end o f the process, so the opport u n i t y f o r p r e v e n t i n g d e f e c t s i s l e s s . The e a r l i e r i n t h e process the c h a r t i s p l a c e d the g r e a t e r t h e qual i t y impact.
V a r i a b l e Data.. .
To get more bang-for-the-buck, X-bar and R c h a r t s are the best. The d i f f e r e n c e between Xb a r and t h e P, NP, C, and U c h a r t s i s t h a t Xb a r t r a c k s v a r i a b l e d a t a .
By t r a c k i n g t h e process r a t h e r than the a t t r i b u t e s o f a process o r a combination o f processes, X-bar c h a r t s can r e v e a l more a b o u t t h e qual i t y o f p a r t s b e i n g produced. And t h e power behind SPC comes from t h e a n a l y z i n g t h e c h a r t s and m a k i n g r e f i n ements. A t t r i b u t e s c h a r t s f a l l s h o r t i n p r o v i di n g enough i n f o r m a t i o n t o r e f i n e t h e p r o c e s s . To be f a i r , t h e r e are techniques which c o n v e r t a t t r i b u t e v a l u e s t o v a r i a b l e s 4ata by u t i 1 i z i n g a r a t i n g s c a l e o f "goodness . However, a degree o f accuracy i s l o s t i n t h a t conversion.
V a r i a b l e c h a r t i n g i s a l s o e s s e n t i a l f o r continuous improvement o f c h a r a c t e r i s t i c s where i t i s e c o n o m i c a l l y j u s t i f i e d . A t t r i b u t e c h a r ti n g t r a c k s number o f defects o r p e r c e n t defect i v e b u t d o e s n ' t r e l a t e t h e d e g r e e t o w h i c h those p a r t s are d e f e c t i v e o r good.
It i s t h a t e x t r a degree t h a t enables much more i n f o r m a t i o n t o be r e a d f r o m v a r i a b l e s c h a r t i n g , i.e. how c l o s e t o t h e optimal value.
Some would argue t h a t i n the p a i n t example a b o u t t h e o n l y way t o c h a r t t h e p r o c e s s i s t o use t h e a t t r i b u t e c h a r t s .
I w o u l d o f f e r another s o l u t i o n . U n d o u b t e d l y , more t h a n one step makes up the f i n a l p a i n t process. And t h a t p a i n t p r o c e s s has an o p t i m a l c o m b i n a t i o n o f i n p u t s t h a t r e s u l t s i n a h i g h q u a l i t y f i n i s h . A t t r i b u t e s c h a r t s w o u l d t r a c k good and p o o r f i n i s h e s b u t n o t n e c e s s a r i l y t h e r o o t cause.
--To use v a r i a b l e c h a r t i n g on t h e p a i n t process I would s t a r t keeping tabs on t h e chemical compos i t i o n o f t h e p a i n t ( o r h a v e t h e s u p p l i e r do so), t h e m e t a l p r e p a r a t i o n s b e f o r e p a i n t i n g ( p r i m e r , s u r f a c e f i n i s h i n g , etc.), t h e room c o n d i t i o n s d u r i n g p a i n t i n g (humidity, temperature, p o l l u t i o n content, etc.).
Here i s where i t becomes tough t o get around a t t r i b u t e c h a r ti n g . The q u e s t i o n i s how t o c h a r t t h e a c t u a l p a i n t i n g r e s u l t . I w o u l d recommend u s i n g t h e a t t r i b u t e c h a r t s t o t r a c k t h e f i n a l p a i n t j o b b u t use i t i n c o n j u n c t i o n w i t h t h e o t h e r v a r ia b l e c h a r t s and e s t a b l i s h a c o r r e l a t i o n o f v a r i e d i n p u t s t o o u t p u t . T h i s i s i n e f f e c t a design o f experiments exercise, a l t h o u g h n o t as s t a t i s t i c a l l y r o b u s t o r elegant. See F i g u r e 2.
PAINT ROOM METAL
O f c o u r s e , t h e r e i s a p r e c u r s o r t o t h e Xb a r use. What i s b e i n g t r a c k e d must be r e l ev a n t t o the q u a l i t y output. That i s why design i s so c r i t i c a l t o SPC's success. C h a r t i n g t h e wrong c h a r a c t e r i s t i c won't do a b i t o f good f o r y o u r qual i ty.
COWON HISCONCEPTIONS/PITFALLS
As m a t u r e and we1 1 known as SPC i s , t h e r e r e m a i n s a few p e r s i s t e n t m i s c o n c e p t i o n s . One o f t h e most common i s t h e thought t h a t narrowi n g t h e t o l e r a n c e s w i l 1 a c c o m p l i s h t h e same goal o f reducing v a r i a b i l i t y around an optimal t a r g e t value. That i s n o t t r u e f o r t h e s i m p l e f a c t t h a t t h e p r o c e s s has n o t been changed, o n l y t h e t o l e r a n c e . moving t h e t o l e r a n c e s inward o n l y produces more scrap and w i t h i t more inspection. sampling techniques t o judge q u a l i t y . I n addit i o n , t h e a b i l i t y t o d i f f e r e n t i a t e between t h o s e j u s t m e e t i n g t h e t o l e r a n c e and t h o s e c o n s i s t e n t l y producing v e r y c l o s e t o t h e o p t imal nominal v a l u e w i l l p l a y b i g i n any type o f assembly operation. SPC a1 so a1 1 ows c o n t i n u o u s improvement, where i t makes sense, i n s t e a d o f merely aiming f o r a1 1 p a r t s w i t h i n a t o 1 e r a n c e band. More c o n s i s t e n t p a r t s , e s p e c i a l l y a r o u n d a narrow, optimal w i d t h g r e a t l y i n f l u e n c e s any assemble o p e r a t i o n .
W i t h t h a t c o n s i s t e n c y comes i n c r e a s e d r e 1 i a b i l i t y and p r e d i c t a b i l i t y i n product perfonnance. F i n a l l y t h e i n c r e a s e d knowledge o f p r ocesses w i l l g r e a t l y enhance m a n u f a c t u r i n g ' s a b i l i t y t o get a handle on q u a l i t y problems on t h e f l o o r i n s t e a d o f s n u f f i n g o u t f i r e s i n a r e a c t i v e mode. This knowledge t r a n s 1 ates i n t o decreased processing time, decreased d e v e l opment t i m e and i n t h e end i n c r e a s e d q u a l i t y o f production.
s u m y
I h a v e o f t e n been a s s u r e d by companies beginning SPC programs t h a t w i t h i n a y e a r they w i l 1 have f u l l y implemented a successful program. I n a l 1 1 i k e l ihood, t h a t i s n o t r e a l i s t i c s i n c e SPC r e q u i r e s a change o f a t t i t u d e f r o m d e f e c t d e t e c t i o n t o d e f e c t prevention. Changi n g a t t i t u d e s and c h a n g i n g " t h e o l d way o f doing business" means b e i n g i n i t f o r t h e l o n g run. Sure t h e X-bar and R c h a r t s w i l 1 p o s t e d i n a s h o r t t i m e , b u t t h e more m e a n i n g f u l changes o f how a company v i e w s q u a l i t y w i l l take s i g n i f i c a n t l y longer, so be p a t i e n t .
Secondly, I hope I h a v e n ' t l e d anyone t o b e l i e v e t h e going w i l l proceed smoothly. Anyt h i n g w o r t h w h i 1 e n e c e s s i t a t e s some p r o b l em s o l v i n g and t o u g h d e c i s i o n s . However, a f t e r c h a n g i n g t h e p h i l o s o p h y o f y o u r company you w i l l be amazed o f t h e r e s u l t s . And l a s t l y , be committed. I f anything can d e s t r o y a SPC program q u i c k l y i t i s p r o m o t i n g qual i t y and then s h i p p i n g shoddy products when t h e s c h e d u l e d i c t a t e s . P u t y o u r money where your mouth i s .
-The Big Picture... H e r e ' s one way t o e n v i s i o n y o u r SPC e f f o r t s . T h i n k o f d e s i g n as t h e head coach o f a f o o t b a l l team.
Design formulates t h e areas t o a t t a c k d u r i n g t h e game, i.e. a game p l a n . Then t h e s p e c i a l i t y coaches, t h e d e f e n s i v e coordinator, t h e s p e c i a l teams coach, etc. are m a n u f a c t u r i n g .
They a r e t h e p e o p l e i n t h e t r e n c h e s d u r i n g t h e game ( p r o d u c t i o n ) . They e v a l uate what p l a y s (processes) w i l l accompl i s h t h e game p l a n o b j e c t i v e s ( w h a t t o c o n t r o l 1.
The s c o u t s ( t h e s u p p l i e r s ) a r e a p r e c u r s o r t o e v e r y t h i n g because w i t h o u t t a l e n t e d p l a y e r s ( q u a l i t y i n c o m i n g m a t e r i a l 1, no team can be expected t o win on Sunday (production). I t a l l r e v o l ves around t h e head coach (design). A1 so, w i t h o u t constant communication between coaches ( d e p a r t m e n t s ) , d o n ' t e x p e c t t o h a v e a w i n n i n g season ( q u a l i t y p r o d u c t s ) .
The teams t h a t f o l l o w t h i s philosophy are t h e teams t h a t reach t h e Super Bowl ( w o r l d c l ass qual i t y ) .
